Evidence has accumulated that DNA is replicated by a discontinuous mechanism involving systhesis and joining of short DNA units (1-8). Little is known, however, about the mechanism of creation of the short DNA chains.
of the DNA fragments. The synthesis of the RNA segment of the RNA-DNA molecule-is much less sensitive to rifampicin than is the synthesis of bulk RNA.
Evidence has accumulated that DNA is replicated by a discontinuous mechanism involving systhesis and joining of short DNA units (1) (2) (3) (4) (5) (6) (7) (8) . Little is known, however, about the mechanism of creation of the short DNA chains.
We postulated (2) that short DNA units might be synthesized by a mechanism in which specific structures on the template strands serve as initiation or termination signals. Although short DNA similar to that found in vivo can be produced and joined in crude in vitro systems (refs. 9-13, Ogawa and Okazaki, to be published), synthesis of such DNA has not been demonstrated with purified DNA polymerases. Unlike RNA polymerases, the known DNA polymerases do not seem to initiate new chains along parental templates, but rather catalyze the extention of a preexisting chain (14-18). Furthermore, DNA polymerases have relatively poor template specificities (18, 19) , in contrast to those of RNA polymerases and other proteins involved in transcription (20, 21) . These facts, as well as the recent findings of Kornberg and coworkers (22, 23) indicating a requirement for RNA synthesis to produce a primer for initiation of replication of phage M13 DNA, suggest that RNA synthesis (transcription) might be involved in the initiation of synthesis of the short DNA chains at specific sites on the template in the discontinuous mode of replication. In accord with this possibility, we have obtained evidence that a short stretch of RNA is covalently linked to the nascent DNA fragments.
MATERIALS AND METHODS
The following Escherichia coli strains were used: AB301 (Hfr met-X+); D10 (met-A+ rnsI-); A19 (Hfr met-tyr-X+ rnsI-); Q13 (Hfr met-tyr-rnsI-pnp-); N464 (Hfr mettyr-rnsl-pnp-rnsIIts); NK2 (F+ leu-his-XI strr pyr-); NK3 (F+ leu-his-XI strr pyr-rnsI-); 1000 (F-XI supE); 1200 (F-Xs SUpE rnsI-endI-). AB301 
RESULTS
To test the possibility that a short RNA strand might be linked to nascent DNA, nucleic acid was extracted from E. coli after a very brief pluse of [3H]dT (15 sec at 14°, or 0.04% of the generation time) and analyzed, after various treatments, by density equilibrium centrifugation in Cs2SO4. Strain Q13, a mutant deficient in RNase I and polynucleotide phosphorylase, was used in most experiments. The pulse labeling was terminated by addition of "ethanol-phenol" (5) to stop the reaction instantaneously and to inactivate nucleases.
The results presented in Fig. 1 show that after denaturation by heat, by formamide, or by hot formaldehyde the pulselabeled DNA banded heterogeneously, with an average density significantly higher than that of reference singlestranded DNA from E. coli. When the pulse-labeled DNA was heated in alkali, which would hydrolyze RNA and cause some fragmentation of DNA, the pulse-labeled DNA banded at the density of single-stranded DNA (Fig. 2b) . Fragmentation by sonic treatment, however, did not cause the labeled material to shift to the position of the reference DNA in the density gradient (Fig. 2c) . Incubation with RNase IA and T1, or in 0.3 M NaOH at 370, milder treatments for RNA hydrolysis, resulted in a shift of the nascent DNA to the density of reference DNA (Fig. 3) .
After denaturation, the 3H-labeled DNA was degraded to the same extent as control single-stranded DNA by E. coli exonuclease I and Neurospora nuclease, enzymes specific for single-stranded nucleic acids (Table 1) .
These results indicate the following: (a) An appreciable fraction of the nascent DNA fragments are linked to short RNA strands by bonds resistant to the various treatments for denaturation; (b) both RNA and DNA are susceptible to nucleases specific for single-stranded structures. Therefore, it is likely that in the nascent molecule a short stretch of (Fig. 5a and b) . The 3H band was broad and had a higher average density than the 14C band; the 3H band was also shifted to lighter densities when the pulse time was increased from 15 to 30 sec. Administration of large amounts of unlabeled U and dT after the 15-sec pulse, which had an incomplete chase effect, greatly reduced the percentage of the 3H label in the "light RNA" (Fig. 5c ). It seems likely from these results, and the results of Fig. 4 , that RNA constitutes a relatively large portion of the very nascent molecule, and is linked to a short DNA chain, which may undergo elongation to a definite length [to the size of the "units" in discontinuous replication (2, 3) ]. This process may be followed by the removal of the RNA segment from the molecule. Although the initiation of a new round of chromosome replication in E. coli has been reported to be inhibited by rifampicin (26) , the continuation of an ongoing round of chromosome replication is relatively insensitive to this antibiotic. Thus, treatment of E. coli Q13 with 200 Ag/ml rifampicin at 140 for 30 min reduced the rate of incorporation of [3H]thymidine into DNA to about 80% of the control, while the rate of [3H]U incorporation into RNA was suppressed to 2.2% by the same treatment. The experiment shown in Fig. 7 demonstrated that the incorporation of [3H]U into the RNA-DNA molecule is much less sensitive to rifampicin than is the synthesis of the bulk of pulse-labeled RNA.
All the experiments described above were performed with E. coli Q13. To see whether the linked RNA-DNA molecules are also found in other E. coli strains, the experiment of 
DISCUSSION
The possibility that RNA serves as primer for the syr of DNA has recently been suggested by several grout 22, 23, [27] [28] [29] . Our work presents evidence that a short strand is covalently linked to the nascent short DNA frag of E. coli, suggesting that the synthesis of these frag in the discontinuous mode of replication is primed b3
shorter chains of RNA. The possibility that the molecul aggregate of RNA and DNA is unlikely due to the fol facts. (a) Its presence is invariably indicated by proc described here and by other procedures involving Sep gel filtration, after various treatments that would d hydrogen bonds and other weak linkages. (b) The moiety of the molecule is metabolically distinguishet 20 the bulk of pulse-labeled RNA, as shown in Fig. 5 , and by a different sensitivity of its synthesis to rifampicin (Fig. 7) Fig. 3 . fraction of the nascent DNA fragments of random cultures pulse labeled for 0.04% of the generation time are linked to RNA. Therefore, it is very unlikely that the majority of the labeled RNA-DNA molecules derive from the chromosome origin. Initiation, but not continuation, of a round of chromosome replication in E. coli is inhibited strongly by rifampicin, a specific inhibitor of the initiation of RNA synthesis by E. coli RNA polymerase. Our data (Fig. 7) indicate that the synthesis of the RNA segment of the covalently linked RNA-DNA molecule is much less sensitive to rifampicin than is the synthesis of other RNA of E. coli. Thus, an RNA polymerase different from the known E. coli RNA polymerase might be involved in DNA replication. Alternatively, it is possible that the RNA polymerase is resistant to rifampicin when it is a part of the replication complex. Still another possibility is that the synthesis of the RNA segment of the RNA-DNA molecule is primed by preformed oligonucleotides.
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